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Abstract Nuts are nutrient-dense foods with complex
matrices rich in unsaturated fatty acids and other bioactive
compounds, such as L-arginine, fiber, minerals, tocopherols,
phytosterols, and polyphenols. By virtue of their unique
composition, nuts are likely to beneficially impact heart
health. Epidemiologic studies have associated nut consump-
tion with a reduced incidence of coronary heart disease in both
genders and diabetes in women. Limited evidence also
suggests beneficial effects on hypertension and inflammation.
Interventional studies consistently show that nut intake has a
cholesterol-lowering effect and there is emerging evidence of
beneficial effects on oxidative stress, inflammation, and
vascular reactivity. Blood pressure, visceral adiposity, and
glycemic control also appear to be positively influenced by
frequent nut consumption without evidence of undue weight

gain. Berries are another plant food rich in bioactive
phytochemicals, particularly flavonoids, for which there is
increasing evidence of benefits on cardiometabolic risk that
are linked to their potent antioxidant power.
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Introduction

Extensive research has been carried out on nuts and health
outcomes since the 1992 publication of a landmark report
from the prospective Adventist Health Study showing an
association of nut consumption with a lower risk of
coronary heart disease (CHD) [1]. This was soon followed
by publication of a seminal clinical trial demonstrating that
a diet enriched with walnuts reduced serum cholesterol
levels compared with a standard healthy diet [2]. The
interested reader will find updated information regarding
nutrient contents, consumption patterns, and epidemiologic
and clinical research on nuts and health outcomes in a
2006 monograph [3] and in a supplement collecting the
proceedings of the 2007 Second International Nuts and
Health Symposium [4].

The most popular edible tree nuts are almonds, hazelnuts,
walnuts, pistachios, macadamias, and cashews. The consumer
definition also includes peanuts, which botanically are
legumes but have a nutrient profile similar to tree nuts. Nuts
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are energy-dense foods that are particularly rich in fat, mostly
unsaturated fatty acids (Table 1); they also contain substantial
amounts of fiber, folate, minerals, and antioxidants (both
tocopherols and polyphenols) [3, 4]. These particular plant
foods have been a marginal source of energy in Western
diets, except for vegetarians and other health-conscious
groups. However, nut consumption has increased in recent
times following both the inclusion of this food group in
guidelines for healthy eating and wide media coverage of
recent evidence relating nut intake to a wide range of health
benefits. Because of the link of nut consumption with a
reduced risk of both CHD and intermediate biomarkers, such
as blood cholesterol, the US Food and Drug Administration
issued a health claim for nuts in the summer of 2003 [5].
Since then, nuts have become an indispensable component of
heart-healthy diets, as reviewed in this journal as recently as
2007 [6].

Berries are a group of fruits that are not particularly
consumed by most Western populations in spite of their
health benefits, as documented in emerging research [7••].
In contrast to nuts, berries are low in calories, devoid of
fat, and high in moisture. They also contain many
bioactive substances, such as fiber, vitamin C, folate,
and minerals, and are particularly rich in polyphenols,
particularly flavonoids (anthocyanins and procyanidins)
[8]. Anthocyanins comprise the largest group of natural,
water-soluble plant pigments and impart the bright colors
to berry fruits and to flowers. Besides specific associa-
tions between consumption of berries or berry flavonoids
and cardiovascular outcomes in prospective studies,
clinical trials have shown the potential of consuming
berries to improve intermediate markers of heart disease
in relation to their support for antioxidant mechanisms
[7••, 8].

In this review, we summarize recent knowledge on the
expanding area of nuts and berries and heart health. Effects
of consumption of these special foods on related outcomes,
such as obesity and diabetes, and other health aspects will
also be addressed.

Nuts and Risk for Cardiovascular Disease

Prospective epidemiologic studies conducted over the past
two decades in the United States (US) and across Europe
have consistently shown an association between the
increased frequency of nut intake and reduced risk of
CHD [9]. Nut consumption continues to be the focus of
intense research within prospective studies exploring
specific clinical cardiovascular end points (i.e., fatal CHD,
type 2 diabetes, stroke, heart failure, and hypertension) and
in controlled feeding studies exploring intermediate
biomarkers of cardiovascular disease risk.

Prospective Studies with Clinical Endpoints

A summary of the data from the Adventist Health Study,
Iowa Women’s Health Study, Nurses’ Health Study (NHS),
and Physician’s Health Study (PHS) was conducted using
the median of each nut consumption category associated
with the relative risk of fatal CHD [10]. A distinct dose-
response gradient existed in each study and an 8.3%
reduction in risk of CHD death was estimated for each
weekly serving of nuts. A recent pooled analysis of these 4
US cohort studies showed a relative risk (RR) of 0.65 (95%
CI, 0.47–0.89) for CHD mortality between participants who
ate nuts at least twice per week compared with those who
never or rarely consumed nuts [11•].

Table 1 Energy and fat content and average fatty acid and sterol composition of nuts per 28-g serving

Nutsa Energy, kcal Fat, g (% En) SFA, g MUFA, g PUFA, g LA, g ALA, g PS, mg

Almonds 162 14.2 (78.9) 1.1 9.0 3.4 3.4 0.0 33.6

Brazil nuts (dried) 183 18.6 (91.5) 4.2 6.9 5.8 5.7 0.0 NR

Cashews 154 13.0 (76.0) 2.6 7.6 2.2 2.2 0.0 44.2

Hazelnuts 176 17.0 (86.9) 1.3 12.8 2.2 2.2 0.0 26.9

Macadamia nuts 201 21.2 (94.9) 3.4 16.5 0.4 0.4 0.1 32.5

Peanuts 149 13.8 (83.4) 1.9 6.8 4.4 4.4 0.0 61.6

Pecans 193 20.2 (94.2) 1.7 11.4 6.0 5.8 0.3 28.6

Pine nuts (dried) 188 19.2 (91.9) 1.4 5.3 9.5 9.3 0.0 39.5

Pistachios 156 12.4 (71.5) 1.5 6.5 3.8 3.7 0.1 59.9

Walnuts 183 18.3 (90.0) 1.7 2.5 13.2 10.7 2.5 20.2

a Data are for raw nuts, except when specified

ALA α-linolenic acid; En energy; LA linoleic acid; MUFA monounsaturated fatty acids; PS plant sterols; PUFA polyunsaturated fatty acids; SFA
saturated fatty acids.

Data from US Department of Agriculture [60]
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Although previous findings from the NHS suggested that
nut and peanut butter consumption was associated with a
reduced incidence of type 2 diabetes in women [12], no
association between nut consumption and type 2 diabetes
was found in male participants in the PHS cohort [13]. In
light of the heightened risk of cardiovascular disease
(CVD) among persons with diabetes, investigators further
evaluated the relationship between nut consumption and
CVD (including CHD and stroke) among women with type
2 diabetes enrolled in the NHS and found a lower risk of
CVD (RR=0.56; 95% CI, 0.36–0.89) [14]. Alternatively,
no association between the frequency of nut intake and
ischemic stroke [15] and risk of heart failure [16] was found
in the PHS cohort, yet a J-shaped relationship was found
between nut consumption and hemorrhagic stroke [15].
However, there were a limited number of hemorrhagic
strokes in the highest categories of nut consumption, thus
further studies are clearly warranted to confirm or discard
this improbable adverse effect of nuts.

Prospective Studies of Nut Consumption and Hypertension

Two prospective studies have assessed the frequency of
nut consumption in relation to incident hypertension
with discordant results [17, 18]. In a cohort of 15,966
participants in the PHS [17] who were free of hyperten-
sion at baseline and had 237,585 person-years of follow-
up, adjusted hazard ratios for hypertension ranged from
0.97 (95% CI, 0.91–1.03) for nut consumption 1 to 2
times per month to 0.82 (95% CI, CI, 0.71–0.94) for nut
consumption of 7 or more times per week. In a secondary
analysis stratified by body mass index (BMI), there was an
inverse relationship between nut intake and hypertension
in lean participants but not in those who were overweight
or obese at baseline. These results must be taken with
caution, however, because salt intake and changes in
weight, two major factors that influence the risk of
hypertension, were not accounted for in this study. The
second study, which involved 9919 Spanish university
graduates followed-up for a median of 4.3 years in the
Seguimiento Universidad de Navarra (SUN) cohort [18],
found no association between nut consumption and
incidence of hypertension after adjusting for several
confounders, including exposure to salt and weight
changes during follow-up. The hazard ratio for the highest
versus lowest nut-consumption category was 0.77 (95%
CI, 0.46–1.30) in this relatively young sample of well-
educated adults at little baseline risk for hypertension, thus
a larger sample and longer duration of follow-up might
have provided a better level of evidence. In summary,
limited epidemiologic data provide only circumstantial
evidence for a protective effect of nut consumption on the
development of hypertension.

Nut Consumption and Inflammatory Markers
in Epidemiologic Studies

Because inflammation is a key process in atherogenesis,
one mechanism by which nut consumption may decrease
CHD risk is by improving inflammatory status, which can
be estimated from levels of circulating biomarkers. Three
cross-sectional studies have investigated nut consumption
in relation to circulating inflammatory biomarkers [19–21].
In an analysis of data from nearly 6000 participants in the
Multi-Ethnic Study of Atherosclerosis, consumption of nuts
and seeds was inversely associated with levels of inflam-
matory markers, C-reactive protein (CRP), interleukin-6
(IL-6), and fibrinogen [19]. Another study of 987 diabetic
women from the prospective NHS showed a direct
association between nut consumption and increased plasma
levels of adiponectin, an adipose tissue-secreted cytokine
with anti-inflammatory and anti-atherosclerotic properties
[20]. The third study was carried out in 772 older
individuals at high risk for CHD living in Spain with the
purpose of assessing adherence to the Mediterranean
dietary pattern and its food components in relation to levels
of soluble inflammatory markers. Adjusted mean serum
levels of intercellular adhesion molecule-1 (ICAM-1), but
not those of CRP or IL-6, decreased across increasing
tertiles of nut consumption [21].

Nut Feeding Studies with Outcomes on Intermediate
Markers

Lipids

The effects of nut consumption on blood lipids and
lipoproteins have been investigated in over 40 nut inter-
vention trials to date. A recent pooled analysis of 25 clinical
studies conducted in seven countries examining nut-
enriched diets versus control diets for outcomes on blood
lipids found that nuts had a cholesterol-lowering effect that
was dose-related, similar by gender, relevant across all age
groups, and independent of the type of nut tested [22••].
Specifically, consumption of 67 g (2.4 oz) of nuts daily
produced estimated mean reductions of 10.9 mg/dL (5.1%)
in total cholesterol, 10.2 mg/dL (7.4%) in low-density
lipoprotein (LDL) cholesterol, and 0.22 mg/dL (8.3%) in
LDL to high-density lipoprotein (HDL) ratios (P<0.001 for
all). Nuts had no significant effect on HDL cholesterol or
triglycerides, except in participants with serum triglycerides
higher than 150 mg/dL, in whom a significant 10.2-mg/dL
reduction was observed. Importantly, participants with high
baseline LDL cholesterol levels (>130 mg/dL) and lower
BMI (<25 kg/m2) (Fig. 1), as well as those consuming
Western diets, experienced more pronounced lipid-lowering
effects from nut consumption. Although the cholesterol-
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lowering effect is consistent with results from prior
individual clinical trials, the observed interaction between
nut consumption and BMI was a novel finding.

There may be reasons for decreased lipid responsiveness
to nut diets in overweight or obese persons and those with
metabolic syndrome (MetS). Studies have shown that the
LDL cholesterol response to diets low in saturated fatty
acids [23] or to egg feeding as dietary cholesterol challenge
[24] are blunted in obese, insulin-resistant individuals
compared with lean, insulin-sensitive individuals. It has
also been reported that higher BMI is associated with
decreased LDL cholesterol responses to hypolipidemic
diets [25]. High cholesterol synthesis and reduced intestinal
cholesterol absorption in insulin-resistant states [26] might
explain these findings, as an enhanced cholesterol flux
through the liver will down-regulate LDL receptors and
make them refractory to additional regulation by dietary
fatty acid changes, whereas a decreased cholesterol flux
though enterocytes would lessen both the cholesterol-
raising response to dietary cholesterol and the cholesterol-
lowering effect of plant sterols. Nuts are rich in plant
sterols, which are likely to contribute to their cholesterol-
lowering effect [27], but this would be less operative when
cholesterol absorption is low. Recently, suggestive evidence
has been provided that phytosterols in nuts relate to the
LDL cholesterol response observed after their consumption
[28]. Of note, two recent randomized trials that tested
diets enriched in cashews or walnuts [29] and mixed nuts
[30] compared with control diets in obese patients with
metabolic syndrome failed to show the predictable
cholesterol lowering effect, which supports the findings
of the pooled analysis of and inverse association between
the blood lipid response to nuts and BMI [22••].

In light of the unique composition of walnuts, the fatty
fraction of which is particularly rich in polyunsaturated
fatty acids (linoleic and α-linolenic acids) [3], a separate

meta-analysis of 13 clinical studies was conducted by
Banel and Hu [31••] to explore the effect of walnut-
enriched diets on blood lipid levels. Compared with
control diets, diets containing walnuts in amounts varying
from 30 to 108 g/d (10–24% of energy) were associated
with weighted mean reductions of total cholesterol and
LDL cholesterol of 10.3 mg/dL and 9.2 mg/dL (P<0.001
for both), respectively, which concur with the results of
the pooled analysis for different nut types [22••]. Recent
well-controlled clinical trials using walnut diets against
control diets confirm the cholesterol-lowering efficacy of
walnuts [32–35]. Because the interventions ranged from 4
to 8 weeks in most studies, Torabian et al. [34]
investigated if the short-term lipid effects of walnut
consumption (12% of energy) could be maintained and
extended to a 6-month period in 87 free-living individuals
to whom no dietary advice was given. The inclusion of
walnuts as part of the habitual diet reduced total
cholesterol by 5 mg/dL (P=0.02) and triglycerides by
8 mg/dL (P=0.03), with a nearly significant decrease of
3.5 mg/dL in LDL cholesterol (P=0.06). Consistent with
the results of the pooled analysis [22••], the lipid-lowering
effects of walnuts were found to be more pronounced
among participants with higher baseline LDL cholesterol.
Furthermore, Tapsell et al. [35] tested a walnut diet against
a control diet for up to 1 year in obese patients with
diabetes and showed maintained, albeit small, LDL
cholesterol reductions and HDL cholesterol increases with
the walnut diet.

Blood Pressure

No discernible effect of nut feeding on blood pressure has
been observed in the usually small-sized clinical studies
performed to date with main outcomes on changes of the
lipid profile, but the larger Prevencion con Dieta
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Fig. 1 Low-density lipoprotein
(LDL) cholesterol response to
nut feeding by baseline LDL
cholesterol level and body mass
index (BMI). Data from a
pooled study of 25 nut-feeding
trials in which the mean serving
size was 67 g (2.4 oz) of nuts
per day (Adapted from Sabaté et
al. [22••])
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Mediterranea (PREDIMED) trial did show significant
reductions in both systolic and diastolic blood pressure
in high-risk participants after 3 months of a Mediterranean
diet supplemented with 30 g/d of mixed nuts compared with
the control diet, but not with a Mediterranean diet supple-
mented with virgin olive oil [36]. A recent report from this
study provides an insight into the possible mechanism of this
antihypertensive effect by showing that both the nut-enriched
and olive oil–enriched diets were associated with a reduced
cholesterol to phospholipid ratio of erythrocyte membranes,
which would translate into increasing membrane fluidity
[37•]. Adequately powered future studies may uncover a true
antihypertensive effect of nut intake.

Emerging Risk Factors for Cardiovascular Disease

By virtue of their unique fat and nonfat composition, nuts
are likely to affect markers of atherogenesis other than
the lipid profile or carbohydrate metabolism. More
recently, the effects of nuts on novel CHD risk factors
have been evaluated, including oxidative stress, inflam-
mation, and vascular reactivity [6, 38••, 39•]. The
emerging picture is that frequent nut consumption has
beneficial effects on cardiovascular risk factors beyond
well-established cholesterol lowering.

Regarding oxidation, nuts are important sources of
tocopherols and phenolic compounds with potent antioxi-
dant effects, as shown by reduction of lipid peroxidation
or oxidative DNA damage with nut extracts in studies in
vitro and the beneficial effects of nut intake on lipid
oxidation, antioxidant enzyme activity, and formation of
cholesterol oxidation products in both acute and chronic
experimental animal studies [38••, 40]. Oxidative markers
after feeding of monounsaturated fatty acid (MUFA)-rich
nuts, predominantly almonds, have been examined in
several randomized feeding studies, usually of small size
and lasting from 3 to 8 weeks [39•]. Biomarkers of
oxidation were secondary outcomes in most of these
studies, which showed inconsistent results, with either
reduced or unchanged oxidation, but in no case was there
worse oxidative status compared with various control
diets. Several feeding studies of similar characteristics
have assessed oxidative biomarkers after consumption of
diets supplemented with polyunsaturated fatty acid
(PUFA)-rich walnuts versus other healthy diets [38••]. In
general, there were no between-diet differences in oxida-
tive status. In the higher statistically powered PREDIMED
trial, a Mediterranean diet enriched with 30 g of mixed
nuts given daily for 3 months to older individuals at high
cardiovascular risk resulted in a lower oxidized LDL level
compared with a control diet, but not with a virgin olive
oil–enriched diet [41•]. Available evidence suggests that
MUFA-rich nuts may moderately improve oxidative

status, whereas PUFA-rich nuts (walnuts) have a neutral
or slightly beneficial effect, but no studies have shown
that frequent nut consumption reduces antioxidant
defenses.

With respect to inflammation, the high content of
phenolic compounds in nuts, particularly in the pellicle
(outer skin), might anticipate an anti-inflammatory effect of
frequent nut consumption, as suggested in cross-sectional
studies [19–21]. Nevertheless, plasma levels of CRP, a
standard measure of systemic low-grade inflammation,
were usually unaffected in controlled feeding trials (as
reviewed up to 2008) with almonds, walnuts, or mixed nuts
[38••]. It must be noted that inflammatory biomarkers were
always secondary outcomes of nut feeding trials; thus,
statistical power to detect significant changes is a problem.
A further substudy of the PREDIMED trial analyzed both
3-month changes in circulating inflammatory biomarkers
and in the expression of ligands for inflammatory mole-
cules in circulating monocytes after the study diets, one of
which was supplemented with 30 g/d of mixed nuts [42•].
The findings indicate reductions in both circulating inflam-
matory mediators and, importantly, reduced monocyte
expression of pro-inflammatory ligands after both olive
oil–enriched and nut-enriched Mediterranean diets com-
pared with the control diet, thus beginning to unravel the
molecular bases for the anti-inflammatory effects of nut
consumption.

Concerning vascular reactivity, both walnut diets and
walnut meals had shown improved flow-mediated dilatation
(FMD) in the brachial artery in two earlier studies
conducted in healthy and hypercholesterolemic patients
[38••]. A recent cross-sectional study in diabetic patients
compared a walnut diet with an isoenergetic ad libitum diet
with similar saturated fatty acid (SFA) content without
walnuts, each lasting 8 weeks, and confirmed that walnuts
improve FMD [33]. This beneficial effect of walnuts may
be ascribed, in part, to their high content of PUFA,
antioxidants, and L-arginine, the precursor of nitric oxide,
which is an endogenous vasodilator. Although there is a
paucity of vascular reactivity studies after consumption of
diets enriched with nuts other than walnuts, they might be
expected to show similar beneficial effects because all nuts
contain substantial quantities of bioactive compounds that
can favorably influence vascular reactivity. This is a key
area for future research.

Does Nut Consumption Promote Obesity?

Nuts are high-fat, energy-dense foods, which are attributes
usually linked to weight gain. However, past epidemiologic
studies do not support the concern that nut consumption
might promote weight gain [3, 4, 6]. Consistent with prior
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epidemiologic findings in the United States, the SUN study
(8800 adult men and women) found that participants who
consumed nuts frequently (≥2 times per wk) had a 40%
reduced risk of weight gain (odds ratio of 0.61; 95% CI,
0.47–0.79) during a 28-month follow-up [43•]. Notably,
SUN was the first epidemiologic study that evaluated the
direct effect of nut consumption on body weight in a
prospective manner, and has provided evidence that
frequent nut consumption is not associated with an increase
in body weight, change in body weight, or incidence of
overweight or obesity over time. Bes-Rastrollo et al. [44•]
recently investigated the relationship between nut con-
sumption and long-term weight change after an 8-year
follow-up in 51,188 women from the NHS cohort. Using
multivariate analysis controlling for lifestyle and other
dietary factors, frequent nut consumption (≥ 2 times per
week) was associated with a lower risk of obesity
(hazard ratio of 0.77; 95% CI, 0.57–1.02; P for trend=
0.003). Furthermore, in a cross-sectional study of a sample
of 847 individuals recruited into the PREDIMED study,
nut consumption was inversely associated with adiposity
measures (BMI and waist circumference) independently of
other lifestyle variables. From regression coefficients of
nut intake versus adiposity variables, it was predicted that
BMI and waist circumference decreased by 0.78 kg/m2

and 2.1 cm, respectively, for each daily serving of 30 g
of nuts [45].

Several small clinical studies in free-living individuals
explored the association between moderate nut consump-
tion and body weight as a main outcome and showed no
overall increase in body weight, as reviewed [3, 4, 6].
Recent evidence from the PREDIMED study shows a
decreased prevalence of the MetS, mainly due to reduced
visceral adiposity, after intervention for 12 months in
participants following a Mediterranean diet supplemented
with 30 g of nuts per day [46•]. Other clinical trials have
suggested that almonds and other nuts may favor weight
loss within energy-restricted diets, possibly by increasing
compliance, but enhanced satiety, increased thermogenesis,
and fat malabsorption, documented as increased fecal fat
excretion in several nut studies, could also be contributing
factors [47].

Effects of Nuts on Glycemic Control

Type 2 diabetes is a condition of metabolic decline with an
increased risk of cardiovascular disease. Consuming nuts in
an otherwise healthy diet may help to alleviate this
condition by providing key nutrients that have an impact
on disease processes, such as unsaturated fatty acids and
compounds with antioxidant activity. Dietary fat, for
example, has been shown to influence insulin action

through mechanisms associated with cell membrane structure
and possibly signaling [48].

As discussed, the epidemiologic evidence on nut
consumption and diabetes risk is contradictory, with
benefits suggested for women [12] but not men [13]. Some
interventional studies have examined the effects of nut-
enriched diets on glycemic control in diabetic patients and
insulin sensitivity in insulin-resistant states. Earlier studies
had shown inconsistent effects of nut-enriched diets on
fasting or postprandial glucose and hemoglobin A1C in
patients with diabetes or in insulin sensitivity in patients
with obesity or MetS, as reviewed [3, 4, 6]. Two recent,
small 3-month studies, however, found reduced insulin
levels in obese Spanish patients with metabolic syndrome
given 30 g/d of mixed nuts [30] and in obese Australian
patients with diabetes consuming 30 g/d of walnuts [35].
The 3-month report of the larger PREDIMED study [36]
also showed that the Mediterranean diet enriched with nuts
was associated with improved insulin sensitivity and fasting
glucose levels in non-diabetic and diabetic participants,
respectively. In a shorter crossover study of 1-month in
duration in 27 hyperlipidemic Canadians, an effect was
seen with 36 g/d and 73 g/d of almonds in a low-fat
background diet and a diet using muffins as control foods
[49]. Both almond diets were associated with decreased
24-h urinary C-peptide, an indirect measure of insulin
secretion. The consistency of the results in different
populations adds strength to the evidence of a beneficial
effect of nuts on pathways related to the development of
diabetes.

Given a possible contributory effect of unsaturated
fats in nuts, these results are consistent with associations
described between dietary fats and diabetes risk [50••].
Other components in nuts, such as phenolic compounds,
may also provide protection by effecting intermediate
markers of the disease, such as improved FMD after a
walnut diet in obese patients with type 2 diabetes [33].
Indeed, nuts deliver multiple bioactive constituents
besides unsaturated fatty acids [27], which may well
address a number of processes in the causal pathway to
degenerative diseases such as diabetes. Shorter-term
studies have shown acute beneficial effects of nut meals.
For example, adding almonds to a meal of white bread
was found to reduce the meal glycemic index in a dose-
dependent manner [51]. Reduced glycemic excursions
mean lesser demands on insulin secretion, which is a key
factor in the development of diabetes. Another acute study
from the same group found less oxidative protein damage
when postprandial glucose excursions were ameliorated
by almond consumption [52]. Taken together, these
studies help form a better understanding of how nut
consumption may be beneficial in creating conditions to
combat diabetes.
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Berries and Heart Health

There is an emerging body of science demonstrating the
impact of berry consumption on cardiovascular health. A
recent review of clinical studies published in the period
1998 from 2009 found that the constituents of berries,
namely polyphenols, vitamins, minerals, and fiber, are
linked to improved cardiovascular risk profiles [7••]. This
article examined 20 dietary studies using different berries
and in different forms, with main effects relating to
improvements in serum antioxidant status and reduced
oxidized lipid fractions. These effects could be attributed to
compounds with antioxidant capacity, in particular vitamin
C and anthocyanin flavonoids, which are variably enriched
in different berries [8], a reason why different effects could
be observed depending on the type of berry consumed [7••].
Beneficial effects on glucose homeostasis, lipid metabolism,
and blood pressure were also noted to varying degrees, as
would also be expected.

From the studies reviewed, and notwithstanding differ-
ences in study design, the relatively consistent findings on
oxidative status likely reflect the main protective element
deliverable in berries [7••]. For example, in one study of 30
healthy men, increasing daily doses of cranberry juice over
three 4-week periods were associated with significant
reductions in oxidized LDL concentrations, which were
accompanied by decreased levels of circulating cell
adhesion molecules [53]. These results contrasted with
those of an earlier study involving healthy young women
consuming 750 mL/d of cranberry juice that showed no
effects on blood antioxidant status or oxidative DNA
damage [54], but the differences may have related to the
study population, conditions of the test beverage, and
outcome measures. Recent randomized clinical studies
have related consumption of mixed berries (bilberries,
lingonberries, strawberries, and black currants) to increased
plasma concentrations of polyphenols and vitamin C, reduced
blood pressure, increased HDL cholesterol, and inhibition of
platelet function [55] and to reduced alanine amino-
transferase levels as a marker of fatty liver-related inflam-
mation in MetS [56]. Acute effects from berry meals are
also detectable, as shown by a recent meal test study
showing delayed and attenuated glycemic responses
resulting from adding berries (black currants, bilberries,
cranberries and strawberries) to a sugar load [57].

The value of berry consumption in influencing oxidative
status is becoming clearer with a greater understanding of
the pathways involved in cardiovascular disease and the
role of dietary chemical constituents in modulating related
processes [7••, 58]. For example, in vitro and cell culture
analyses of the bioactivity of berries traditionally consumed
by native North Americans (highbush cranberry, choke-
cherry, silver buffaloberry, and serviceberry) found an array

of beneficial effects, including improved glucose utiliza-
tion, modulation of lipid metabolism and energy expendi-
ture, and inhibition of pro-inflammatory gene expression
associated with the inflammation seen in type 2 diabetes
[59•].

In summary, berries deliver substantial amounts of vitamin
C, flavonoids, and other potent chemicals with antioxidant
effects and there is an increasing body of evidence that they
are beneficial to health. In particular, berries have a positive
influence on oxidative status and mechanisms associated with
the low-grade systemic inflammation that underpins the
progress of diabetes and cardiovascular disease. Long-term
studies of dietary patterns that include substantial amounts of
berries in an otherwise healthy diet may be required to confirm
the contribution of berry consumption to the prevention of
diabetes and cardiovascular diseases.

Conclusions

Nuts are energy-dense foods rich in bioactive macro-
nutrients, micronutrients, and phytochemicals. The unique
composition of nuts is critical for their effects on heart

Table 2 Effects of nut consumption on cardiovascular diseases and
risk factors: summary of scientific evidence

Disease/factor Effect Level of evidence

Epidemiologic studies

Coronary heart disease Decrease ++

Ischemic stroke No change +

Heart failure No change +

Hypertension Decrease +/−
Diabetes No change/decrease +/−
Inflammatory markers Decrease +

Body weight No change/decrease ++

Clinical studies

Blood lipid profile

Total cholesterol Decrease ++

LDL cholesterol Decrease ++

HDL cholesterol No change/increase +

Triglycerides No change/decrease +

Insulin sensitivity No change/increase +/−
Blood pressure No change/decrease +/−
Oxidation No change/decrease +/−
Inflammation No change/decrease +/−
Vascular reactivity Increase +

Body weight No change ++

Visceral adiposity Decrease +

+/−, equivocal evidence; +, limited evidence from a few studies; ++,
evidence from several studies; HDL high-density lipoprotein; LDL
low-density lipoprotein
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health. Indeed, there is consistent evidence from epidemi-
ologic and clinical studies of the beneficial effects of nut
consumption on risk of CHD as well as on diabetes in
women, and on major and emerging cardiovascular risk
factors, as summarized in Table 2. The evidence to date is
convincing that including nuts in a healthy dietary pattern
will extend its cardioprotective effects. Importantly, bene-
ficial effects take place without undue weight gain, or even
with reduced adiposity, and target multiple cardiovascular
risk factors and mechanisms, which help explain why nuts
reduce the risk for CHD. Understanding the underlying
biological mechanisms of the effects of nuts on mediators
of CHD, obesity, MetS, and diabetes should help in the
design of diets that include nuts to maximally reduce
chronic disease risk. Ongoing research such as the large,
randomized PREDIMED trial (final results expected in
2012), where one daily serving of mixed nuts within the
context of the Mediterranean diet is provided to participants
at high cardiovascular risk in one arm of this long-term
study [36, 41•, 46•], might eventually settle the critical
issues of whether, in comparison with a healthy control diet
without nuts, a healthy diet supplemented with one daily
serving of nuts prevents cardiovascular events and devel-
opment of other prevalent chronic diseases, including
diabetes, cancer, and neurodegenerative disorders.

Berries are another example of a whole plant food rich in
bioactive phytochemicals, although, contrary to nuts, they
are a low-energy food. Research on berries is more recent
and less abundant than in the case of nuts, but there is a
growing body of evidence demonstrating their potent
antioxidant power and ability to beneficially impact on
various intermediate pathways of cardiometabolic risk.

Acknowledgements Work supported in part by grants from the
Spanish Health Ministry (FIS Thematic Research Networks C03/01
and G03/140) and the California Walnut Commission, Sacramento,
CA. CIBERobn is an initiative of ISCIII, Spain.

Disclosure The authors have received research funding from the
California Walnut Commission, Sacramento, CA and are non-paid
members of its Scientific Advisory Committee.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

1. Fraser GE, Sabaté J, Beeson WL, Strahan TM: A possible
protective effect of nut consumption on risk of coronary heart
disease. The Adventist Health Study. Arch Intern Med 1992,
152:1416–1424.

2. Sabaté J, Fraser GE, Burke K, et al.: Effects of walnuts on serum
lipid levels and blood pressure in normal men. N Engl J Med
1993, 328:603–607.

3. Sabaté J, Salas-Salvadó J, Ros E, eds: Nuts: nutrition and health
outcomes. Br J Nutr 2006, 96(Suppl 2):S1–S102.

4. King JC, Rechkemmer G, Geiger CJ, eds: Second International
Nuts and Health Symposium, 2007. J Nutr 2008, 138:1734S–
1765S.

5. US Food and Drug Administration: Qualified Health Claims:
Letter of Enforcement Discretion — Nuts and Coronary Heart
Disease. Rockville, MD: US Food & Drug Administration;
2003:1–4.

6. Nash SD, Nash DT: Nuts as part of a healthy cardiovascular diet.
Curr Atheroscler Rep 2008, 10:529–535.

7. •• Basu A, Rhone M, Lyons TJ: Berries: emerging impact on
cardiovascular health. Nutr Rev 2010, 68:168–177. This is a
complete review of epidemiologic studies suggesting a cardiovas-
cular benefit of berry consumption and of berry feeding trials
showing improvement of intermediate biomarkers, with discussion
of mechanisms.

8. Määttä-Riihinen KR, Kamal-Eldin A, Mattila PH, et al.: Distri-
bution and contents of phenolic compounds in eighteen Scandi-
navian berry species. J Agric Food Chem 2004, 52:4477–4486.

9. Sabaté J, Wien M: Nuts, blood lipids and cardiovascular disease.
Asia Pac J Clin Nutr 2010, 19:131–136.

10. Kelly JH, Sabaté J: Nuts and coronary heart disease: an
epidemiological perspective. Br J Nutr 2006, 96:S61–S67.

11. • Kris-Etherton PM, Hu FB, Ros E, Sabaté J: The role of tree nuts
and peanuts in the prevention of coronary heart disease: multiple
potential mechanisms. J Nutr 2008, 138:1746S–1751S. This is an
informative review on epidemiologic and clinical studies published
up to 2007 relating nut consumption to heart health.

12. Jiang R, Manson JE, Stampfer MJ, et al.: Nut and peanut butter
consumption and risk of type 2 diabetes in women. JAMA 2002,
288:2554–2560.

13. Kochar J, Gaziano JM, Djoussé L: Nut consumption and risk of
type II diabetes in the Physicians’ Health Study. Eur J Clin Nutr
2010, 64:75–79.

14. Li TY, Brennan AM, Wedick NM, et al.: Regular consumption of
nuts is associated with a lower risk of cardiovascular disease in
women with type 2 diabetes. J Nutr 2009, 139:1333–1338.

15. Djoussé L, Gaziano JM, Kase CS, Kurth T: Nut consumption and
risk of stroke in US male physicians. Clin Nutr 2010 Apr 8
PMID: 20381933.

16. Djoussé L, Rudich T, Gaziano JM: Nut consumption and risk of
heart failure in the Physicians’ Health Study I. Am J Clin Nutr
2008, 88:930–933.

17. Djoussé L, Rudich T, Gaziano JM: Nut consumption and risk
of hypertension in US male physicians. Clin Nutr 2009,
28:10–14.

18. xMartínez-Lapiscina EH, Pimenta AM, Beunza JJ, et al.: Nut
consumption and incidence of hypertension: The SUN prospective
cohort. Nutr Metab Cardiovasc Dis 2010, 20:359–365.

19. Jiang R, Jacobs DR Jr, Mayer-Davis E, et al.: Nut and seed
consumption and inflammatory markers in the Multi-Ethnic Study
of Atherosclerosis. Am J Epidemiol 2006, 163:222–231.

20. Mantzoros CS, Williams CJ, Manson JA, et al.: Adherence to the
Mediterranean dietary pattern is positively associated with plasma
adiponectin concentrations in diabetic women. Am J Clin Nutr
2006, 84:328–335.

21. Salas-Salvadó J, Garcia-Arellano A, Estruch R, et al., for the
PREDIMED Investigators: Components of the Mediterranean-
type food pattern and serum inflammatory markers among patients
at high risk for cardiovascular disease. Eur J Clin Nutr 2008,
62:651–659.

404 Curr Atheroscler Rep (2010) 12:397–406



22. •• Sabaté J, Oda K, Ros E: Nut consumption and blood lipid
levels: a pooled analysis of 25 intervention trials. Arch Intern Med
2010, 170:821–827. This pooled analysis of 583 patients from 25
clinical studies with different nuts confirms their cholesterol-
lowering effect and has sufficient statistical power to detect
interesting interactions by type of background diet, baseline lipid
levels, and BMI.

23. Lefevre M, Champagne CM, Tulley RT, et al.: Individual
variability in cardiovascular disease risk factor responses to low-
fat and low-saturated-fat diets in men: body mass index, adiposity,
and insulin resistance predict changes in LDL cholesterol. Am J
Clin Nutr 2005, 82:957–963.

24. Knopp RH, Retzlaff B, Fish B, et al.: Effects of insulin resistance
and obesity on lipoproteins and sensitivity to egg feeding.
Arterioscler Thromb Vasc Biol 2003, 23:1437–1443.

25. Hannah JS, Jablonshki KA, Howard BV: The relationship
between weight and response to cholesterol lowering diets in
women. Int J Obes Relat Metab Disord 1997, 21:445–450.

26. Simonen P, Gylling H, Howard AN, Miettinen TA: Introducing a
new component of the metabolic syndrome: low cholesterol
absorption. Am J Clin Nutr 2000, 72:82–88.

27. Segura R, Javierre C, Lizarraga MA, Ros E: Other relevant
components of nuts: phytosterols, folate and minerals. Br J Nutr
2006, 96(Suppl 2):S36–44. [Erratum in Br J Nutr 2008, 99:447–
448]

28. Escurriol V, Cofán M, Serra M, et al.: Serum sterol responses to
increasing plant sterol intake from natural foods in the Mediter-
ranean diet. Eur J Nutr 2009, 48:373–382.

29. Mukuddem-Petersen J, Stonehouse W, Jerling JC, et al.: Effects of
a high walnut and high cashew nut diet on selected markers of the
metabolic syndrome: a controlled feeding trial. Br J Nutr 2007,
97:1144–1153.

30. Casas-Agustench P, López-Uriarte P, Bulló M, et al.: Effects of
one serving of mixed nuts on serum lipids, insulin resistance and
inflammatory markers in patients with the metabolic syndrome.
Nutr Metab Cardiovasc Dis 2009 Dec 21 PMID: 20031380.

31. •• Banel DK, Hu FB: Effects of walnut consumption on blood
lipids and other cardiovascular risk factors: a meta-analysis and
systematic review. Am J Clin Nutr 2009, 90:56–63. This is a
meta-analysis of 13 walnut feeding trials showing a consistent
cholesterol-lowering effect of walnut-enriched diets.

32. Rajaram S, Haddad EH, Mejía A, Sabaté J: Walnuts and fatty fish
influence different serum lipid fractions in normal to mildly
hyperlipidemic individuals: a randomized controlled study. Am J
Clin Nutr 2009, 89:1657S–1663S.

33. Ma Y, Njike VY, Millet J, et al.: Effects of walnut consumption on
endothelial function in type 2 diabetic subjects: a randomized
controlled crossover trial. Diabetes Care 2010, 33:227–232.

34. Torabian S, Haddad E, Cordero-MacIntyre Z, et al.: Long-term
walnut supplementation without dietary advice induces favorable
serum lipid changes in free-living individuals. Eur J Clin Nutr
2010, 64:274–279.

35. Tapsell LC, Batterham MJ, Teuss G, et al.: Long-term effects of
increased dietary polyunsaturated fat from walnuts on metabolic
parameters in type II diabetes. Eur J Clin Nutr 2009; 63:1008–1015.

36. Estruch R, Martínez-González MA, Corella D, et al., on behalf of
the PREDIMED Study Investigators: Effects of a Mediterranean-
style diet on cardiovascular risk factors. A randomized trial. Ann
Intern Med 2006, 145:1–11.

37. • Barceló F, Perona JS, Prades J, et al.: Mediterranean-style diet
effect on the structural properties of the erythrocyte cell membrane
of hypertensive patients: the Prevención con Dieta Mediterránea
Study. Hypertension 2009, 54:1143–1150. This report describes
changes in membrane lipid composition that could justify a blood
pressure–lowering effect of nut and olive oil consumption.

38. •• Ros E: Nuts and novel biomarkers of cardiovascular disease.
Am J Clin Nutr 2009, 89(Suppl):1649S–1656S. This is a
comprehensive review of the potential of nuts to improve
cardiovascular risk beyond the lipid profile, with a thorough
discussion of mechanisms.

39. •• López-Uriarte P, Bulló M, Casas-Agustench P, et al.: Nuts and
oxidation: a systematic review. Nutr Rev 2009, 67:497–508. This
is a complete evaluation of studies relating nut consumption to
oxidative and inflammatory processes.

40. Blomhoff R, Carlsen MH, Frost Andersen L, Jacobs DR Jr: Health
benefits of nuts: potential role of antioxidants. Br J Nutr 2006, 96
(Suppl 2):S52–S60.

41. • Fitó M, Guxens M, Corella D, et al., on behalf of the
PREDIMED Study Investigators: Effect of a traditional Mediter-
ranean diet on lipoprotein oxidation. A randomized, controlled
trial. Arch Intern Med 2007, 167:1195–1203. This study showed
that Mediterranean diets enriched with nuts or virgin olive oil
reduced circulating levels of oxidized LDL compared with a
control diet.

42. • Mena MP, Sacanella E, Vázquez-Agell M, et al.: Inhibition of
circulating immune cell activation: a molecular antiinflammatory
effect of the Mediterranean diet. Am J Clin Nutr 2009, 89:248–
256. Mediterranean diets enriched with nuts or virgin olive oil
reduce circulating inflammatory markers and inhibit expression of
their ligands in blood mononuclear cells.

43. Bes-Rastrollo M, Sabaté J, Gómez-Gracia E, et al.: Nut
consumption and weight gain in a Mediterranean cohort: the
SUN Study. Obesity (Silver Spring) 2007, 15:107–116.

44. • Bes-Rastrollo M, Wedick NM, Martínez-González MA, et al.:
Prospective study of nut consumption, long-term weight change,
and obesity risk in women. Am J Clin Nutr 2009, 89:1913–1919.
These two reports from large prospective cohorts show inverse
associations between the frequency of nut consumption and
weight gain, thus allaying the fear of undue weight gain when
eating these high-fat foods.

45. Casas-Agustench P, Bulló M, Ros E, et al.: Cross-sectional
association of nut intake with adiposity in a Mediterranean
population. Nutr Metab Cardiovasc Dis 2010 Mar 8 PMID:
20219336.

46. • Salas-Salvadó J, Fernández-Ballart J, Ros E, et al.: Effect of a
Mediterranean diet supplemented with nuts on metabolic syndrome
status: one-year results of the PREDIMED randomized trial.
Arch Intern Med 2008, 168:2449–2458. The 1-year results of
this ongoing large primary prevention trial show that the
Mediterranean diet with nuts is associated with a reduction of
metabolic syndrome.

47. Mattes RD, Dreher ML: Nuts and healthy body weight mainte-
nance mechanisms. Asia Pac J Clin Nutr 2010, 19:137–141.

48. Storlien LH, Baur LA, Kriketos AD, et al.: Dietary fats and
insulin action. Diabetologia 1996, 39:621–631.

49. Jenkins DJ, Kendall CW, Marchie A, et al.: Effect of almonds on
insulin resistance in non-diabetic hyperlipidemic subjects: a
randomized controlled crossover trial. Metabolism 2008,
57:882–887.

50. •• Risérus U, Willett WC, Hu FB: Dietary fats and prevention of
type 2 diabetes. Progr Lipid Res 2009, 48:44–51. This is an
excellent review of epidemiologic and clinical studies that
examined dietary fatty acids in relation to risk of diabetes or
changes in intermediate markers, with discussion of mechanisms.

51. Josse AR, Kendall CW, Augustin LS, et al.: Almonds and post
prandial glycemia—a dose-response study. Metabolism 2007,
56:400–404.

52. Jenkins DJ, Kendall CW, Josse AR, et al.: Almonds decease
postprandial glycemia, insulinemia and oxidative damage in
healthy individuals. J Nutr 2006, 136:2987–2992.

Curr Atheroscler Rep (2010) 12:397–406 405



53. Ruel G, Pomerleau S, Couture P, et al.: Low-calorie cranberry
juice supplementation reduces plasma oxidized LDL and cell
adhesion molecule concentrations in men. Br J Nutr 2008,
99:352–359.

54. Duthie SJ, Jenkinson AM, Crozier A, et al.: The effects of
cranberry juice consumption on oxidative status and biomarkers
relating to heart disease and cáncer in healthy human volunteers.
Eur J Clin Nutr 2006, 45:113–122.

55. Erlund I, Koli R, Alfthan G, et al.: Favorable effects of berry
consumption on platelet function, blood pressure and HDL
cholesterol Am J Clin Nutr 2008, 87:323–331.

56. Lehtonen HM, Suomela JP, Tahvonen R, et al.: Berry meals and
risk factors associated with metabolic syndrome. Eur J Clin Nutr
2010, 64:614–621.

57. Törrönen R, Sarkkinen E, Tapola N, et al.: Berries modify the
postprandial plasma glucose response to sucrose in healthy
subjects. Br J Nutr 2010, 103:1094–1097.

58. Seeram NP: Recent trends and advances in berry health benefits
research. J Agric Food Chem 2010, 58:3869–3870.

59. • Burns Kraft TF, Dey M, Roger RB, et al.: Phytochemical
composition and metabolic performance enhancing activity of
dietary berries traditionally used by Native North Americans. J
Agric Food Chem 2008, 56:654–660. This study is a good
example of the potent bioactivity from minor compounds present
in plant foods, in this case wild berries from North America.

60. US Department of Agriculture: Nutrient data base. Available at
http://www.nal.usda.gov/fnic/cgi-bin/nut_search.pl. Accessed
April 26, 2010.

406 Curr Atheroscler Rep (2010) 12:397–406

http://www.nal.usda.gov/fnic/cgi-bin/nut_search.pl

	Nuts and Berries for Heart Health
	Abstract
	Introduction
	Nuts and Risk for Cardiovascular Disease
	Prospective Studies with Clinical Endpoints
	Prospective Studies of Nut Consumption and Hypertension
	Nut Consumption and Inflammatory Markers in Epidemiologic Studies
	Nut Feeding Studies with Outcomes on Intermediate Markers
	Lipids
	Blood Pressure
	Emerging Risk Factors for Cardiovascular Disease


	Does Nut Consumption Promote Obesity?
	Effects of Nuts on Glycemic Control
	Berries and Heart Health
	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


